Aims-To develop and validate a rapid and economical semiautomated approach to the measurement of immunostainable tissue components which is applicable to routine diagnostic practice. To apply this approach to the measurement of macrophages in renal biopsy specimens in nephrotic states, as protein in the renal tubules may induce macrophage infiltration, and the morphology of macrophages in tissue sections does not lend itself to cell counting. Methods-Macrophages were identified by immunostaining with a panmacrophage marker, followed by digital image capture and analysis using a macro procedure written for the freeware image analysis program NIH-Image. Results-The method was rapid, robust and accurate to within the limits imposed by sampling error inherent in the use of small needle biopsy specimens. Very few macrophages are found in normal kidney (mean volume fraction (±95% confidence limits) 0.04% (0.02%)) but infiltration of macrophages was detected in minimal change nephropathy (0.29% (0.12%)) and in membranous glomerulonephritis (0.42% (0.11%)). A statistically significant correlation was found between macrophage volume fraction and weight of proteinuria in minimal change nephropathy but not in membranous glomerulonephritis. Correlations were found in both diseases between macrophage volume fraction and serum creatinine at time of biopsy. Conclusions-The equipment is inexpensive and measurement takes less than one minute per biopsy specimen. The results indicate that macrophage infiltration is part of the pathological process in minimal change nephropathy and membranous glomerulonephritis. The correlation with creatinine at time of biopsy suggests that renal impairment in minimal change nephropathy may result from infiltration by immunologically active cells and not merely from haemodynamic changes in nephrons. However, the correlation is not close, indicating that the relation between macrophage infiltration and disease severity is not a simple one. (C Clin Pathol 1997;50:118-122) 
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Recently, there have been several attempts to predict the course of chronic human renal disease from the renal biopsy specimen by measuring the numbers of myofibroblasts in the interstitium. This has been quite successful in IgA nephropathy3 and in membranous glomerulonephritis,' both of which are normally rather unpredictable in their course. However, the method used, manual counting of cells after immunocytochemical detection, is laborious and for this reason alone is unlikely to gain wide acceptance in routine diagnosis.
In general terms, one may postulate the following as a typical sequence of events in a fibrotic reaction: an insult leads to macrophage infiltration, which results in cytokine production, which stimulates proliferation and activity of matrix producing cells (such as myofibroblasts).' 6 If this is accepted, it seems possible that quantitation of interstitial macrophages rather than myofibroblasts might produce an earlier and potentially more sensitive marker of the severity of the insult to the kidney, although resolution may occur if the infiltration is short-lived. Therefore, we sought to measure the level of macrophage infiltration in renal biopsy specimens from adult patients with idiopathic membranous nephropathy, with minimal change nephropathy and, as a control group, expect with a quantitative immunocytochemical method, and we felt use of the method in the main part of the study was justified. In most biopsy specimens, the exact depth of the cortical tissue could not be judged. In a few specimens, however, the renal capsule and cortico-medullary junction were both visible. Such cases were too few for statistical analysis, but there seemed to be a gradient of macrophage numbers which decreased from outer to inner cortex (fig 3) . This finding probably justifies further study; if confirmed, it suggests that sampling error, rather than measurement error, is likely to be the biggest source of random variation with this method. than in normal controls (p < 0.0001). Although the mean level of macrophage infiltration in membranous glomerulonephritis was greater than in minimal change disease, the difference was not statistically significant (p = 0.13).
There was a significant correlation between macrophage volume fraction and serum creatinine at the time of biopsy in membranous nephropathy and minimal change disease ( fig  5) . A significant correlation was also found with the 24 hour urine protein output in minimal change disease (fig 6) . However, it is obvious from the scatter plots that the regression value is low and the correlation is poor. These correlations have only just reached significance, even though our automated measuring system permitted the analysis of relatively large numbers of specimens. 
Discussion
These results confirm that a significant interstitial infiltrate of macrophages is a part of the pathological process in membranous nephropathy and in minimal change nephropathy. The existence of a correlation between macrophage volume fraction and serum creatinine in both diseases implies that immunological mechanisms may be involved in the reduced glomerular filtration rate which is commonly seen at presentation of both diseases. This is not surprising in the case of membranous glomerulonephritis; but in minimal change nephropathy, the presence of interstitial macrophages is not widely recognised as part of the disease process. Indeed, one argument which has been used against the puromycin aminonucleoside (PAN) model of minimal change nephropathy is that PAN induces an interstitial where proteinuria is not an issue.'5 16 Of course, we do not know for how long our patients had proteinuria before biopsy was performed; variation in this time may account for some of the variation in macrophage numbers, but it seems likely that other aspects of the disease process are involved in the variation we have seen. If assessment of macrophages in renal biopsy specimens is to be relevant to the severity and progression of disease, it is evident that we should be measuring macrophage function rather than simply their presence. Assessment of cytokines such as tumour growth factor ,B may be more promising."
There has been considerable interest recently in quantitative or semiquantitative approaches to predicting the rate of disease progression from renal biopsy specimens, both native34 and transplant.' -20 Most of these studies have used either semiquantitative scoring on a scale of 0 to 3 by a 'blinded' observer, or laborious manual morphometry, or cell counting. Having previously undertaken a study requiring point-counting,2' we have been very favourably impressed with the method described here, which can be applied to 
